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; . :* . ' WIHD-TUNNSL PEOC.EDyRE. POr' DETERMINATION 

- . OP CRITJCAL STABILITY AND CONTROL ■ 

CHARACTERISTICS OP AIRPLANES 

By Harry J, Goett^ Roy P. Jackson, 
and Steven B, Belsley 

" " ■ " ' ' SUMMARY ' 

This report outlines the flight conditions that are 
usuall3'. Qrit ical Xn determining the design of- components 
of an airplane v/hich affect its stability and control 
characteristics. The. wind— tunnel tests nec.es-sary; t o- 

' dbt ermine the "pert inent data for these conditions are 
indicated, and the methods of computat.ion used .t o trans— .;• 

*Iate these data into characteristics which define the. 
flying (jualities of the airplane are illustrated. 

INTRODUCTION ^ : ^ 

The development ■ of'; f lying— qual 1 1 i es spec if xcat.ionG 
( ref erences-.l^ 2,.. and...?) has established specific crit (^ria 
with which the charact eri st ics of an airplane ■ normally will 
be compared. The problems posed in the pr e 1 im inary , de s ign 
of an airplane is the determination of which of these 
criteria will influence the design of the various components 
of the airplane that' affect -the stability and_cO:ntrol char- 
act er is t ics , and the magnitude of t he • effect • -As an aid in 

'this ^.design problem, methods have, been -developed by which 
the data, .ob.t.ain-ed f r.om - v/ind.-ytunnel tes t s of pow.ered models, 
can ."be tr.,anslat;ed- into f lyi^ng-qualities c-haracteri st ics 

.obse^vabie^.in i^ight • te.st s :(;.in the t e.rms ■ in.t. which the flyixif^ 
quaint ie^s -spec if ic.at ions, are ^written).. Application of these 
methods t o p i^^ dif ferent , airplanes -has indicated that the 
same r.equiremenjbs - rep.res.e;jqt t.he critical conditions- on all 
conventional airplanes and that if these conditions are met. 
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it v/ill follow that the remainder of. the specifications will 
"be satisfied. By permitting concentration on these few con- 
ditions, a considerable simplification of the design process 
results. 

It is the purpose of this report to outline the critical 
conditions for each component of the airplane, to indicate 
the wind-tunnel tests necess'ary to determine the pertinent 
data, and to illustrate the methods of computation used to 
translate these data into charact^rist ics which define the 
flying qualities of an airplane. 



DISCUSSION 

The flying-qualities requirements can be stated under 
three major headings: 

1, Stability shall exist under specified conditions, 

2, Control shall exi.st under specif ied conditions, 

3, Control forces shall be kept withija specified limits. 

Each of t hes e . req^ui r emen t s is, to" some extent,, contradictory 
to the other two and, furthermore, airplanes now have been 
developed to such si zes! and pov/ers that the attainment of 
all three requirements is quite difficult. Hence, despite 
the fact that from the ultimate flying-qualities standpoint 
it is desirable to satisfy some of the requirements by as 
ample a margin as possible, the designer normally will find 
it expedient to base his original design on small margins, 
in order . to minimize the difficulty of compromising- con- 
flicting requirements..- If this is not done for one require- 
ment, the attainment of the other two by normal means may be 
impossible. 

To illust rate . t hi s point, the horizontal tail on a 
typical high-^powered, s ingle— engine airplane must be the 
smallest which will. give the required stability in a rated- 
pov^er climb, a,nd the elevator must be the smallest v/hich v;ill 
give the required cqn.trol in landing, ^ in order to keep the 
balance requirements for low control forces in accelerated 
maneuvers v/ithin reasonable limits. With regard to wing di- 
hedral, care must be taken not to exceed the amount required 
for the maintenance of lateral stability in the low— speed, 
high-power condition where the dihedral effect will be 
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minimuin, or excessiv-e dihedral effect v/ill. result at 
high speeds. The size of the rudder must be limited to 
the smallest that will give .adequate, control in order to 
keep the rudder— pedal forces within the required limits. 

If it is assumed that the preliminary design has been 
completed on the above basis, it will be the function of the' 
first wind— tunnel tests to obtain data from which any re- 
adjustments of the airplane components, necessary to secure 
satisfactory characteristics, can be determined. As con- 
ceived herein, the .first series of wind— tunnel tests would 
be restricted to the critical conditions with regard to 
each characteristic, A series of tests sufficiently com- 
plete to form a basis for a more general flying— qualities 
prediction, or an analysis of secondary effects, would not 
be made until . the changes shown to be necessary by -the 
first series of tests 'had been incorporated in 'the model. 
An outline for such a preliminary series of tests as just 
discussed is given in tables I, II, and III' for a single- 
engine airplane and in, tables'!, II, and 17. for a twin- 
engine airplane. An attempt has been made to make these 
tables s elf— exi51anat ory when considered in the l^ght of a 
flying-qualities specification (references 1 , 2, and 3). 
Figures 1 to 16 present a typical set of results.. The method 
of translating the wind-tunnel results into the terms of • the 
flying-qualities specification' is outlined. on these figures. 

' The choice of critical condition's* and^the tables have 
been made after a detailed study of the characteristics of 
3 typical single— engine .airplanes and 3. twin— engine airplanes 
HAi^-IiS^iii:^M^„I5i5:liS.g-SX5peller^ In each, case it wq.s 
found that if. the 10 major points as out lined were satisfied, 
the other charact erist ics called for in the flying-qualities 
spec i f icati^ons would be met. It. is believed that this con- 
clusion will be similar for other convent i onal ' airplanes. 

Each of the 10 items listed in the tables is directed 
toward 1 major variable' in the airplane design. Thus, in 

the usual case 

Horizontal tail size will be determined *y item I^ ^ 
Elevator size will be determined: "by item II. 
gAgl^jQT balance will be determined by item III, 
Mi nimum dihedral will be determined by item IV. 
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..Maximum dihedral i^ill .be determined by item 



A-ileron siz e v/ill be determined by item 71, 

Aileron., balance v/.ill be determined by item VII, 

Vertical , tail size "will be determined by item VIII, 

Rudcier-- size, vjrill be determined by item IX,. 

Rudd er - balance will be determined', by Item X, 

Obviously there is a closer interrelation among the charac- 
teristics tha,n the above listing implies, and important 
change;S can be required after consideration of "secondary" 
varial^les. However, to a first approximation the variables 
listed v/ill establish the airplane, stability and control' 
characteristics after the first basic arrangement of wing 
and fuselage is established. Changes in other features 
of the airplane components will normally be in the nature 
of refinements, rather than major changes. - 

9 

The surfiace deflections given in the text are 'only 
representative values corresponding to the range pf deflec- 
tions needed in ascertaining the flying qualities of the 
airplanes upon which the study has. been based. An optimum 
selection can be best determined from. a cursory examination 
of the basic runs with control surfaces neutral, with due 
regard for the maximum deflections upon which the design is 
based. It will be noted that tail-off runsare called for 
in the tables only when they are necessary for the computa- 
tion of the flying qualities. However, in order to provide 
dat^ which will- aid in any necessary redes ign, t he addition 
of a tail-^of f run for other test conditions .is considered 
desirable, : . ' * ' 

A typical set of data as obtained from the runs called 
for on- the tables is shoi^n in the figures, and the cross 
plots and computation methods necessary to reduce these data 
to the f oTm pf the f lying— qualities characteristics are out- 
lined. As in the table, these figures are intended to be 
in such/detail as to require no further explanation. In the 
computation procedure certain simplifications and assumptions 
have been made, but it is believed, that all factors which 
will iDear an important influence on the final result have 
been included. 

Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Mof f ett Pield, Calif, , 
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APPEND I.X 
SYMBOLS 

6 deflection of control surface 

Aa change in angle of attack at wing due to ground 

effect or change in angle of attack (over aileron 
station) due to roll 

change in downwash at tail due to ground effect 

Aat^ change in angle of attack of tail due t o . ground effect 

Aat^ change in angle of attack of tail due to induced angle 
in accelerated flight 



n _ 


lift, coefficient of wmg and fuselage (exclusive of ' " 


H 


angle of incidence of tail 




hinges-moment coefficient 




angle of yav; 




angle of sideslip 




propeller thrust coefficient - ^^^^^^t 




3/awing moment due to sideslip 




rolling moment due to sideslip 




rolling moment due to rolling 




rolling moment due to aileron deflection 


1 


stick force, 'pounds 




indicated ai r speed 


iH 


length from center of gravity to 25 percent M.A 0 of 
horizontal tail • .v. x 


n 


normal acceleration 
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g acceleration due to gravity 

p rolling velocity, radians per second 

b v/ing span, feet 

Subscripts 

e elevator 

r rudder 

aj^ left aileron 

ag right aileron 

t tail 

JOTE: Stability axes hlive been used in the presentation 
01 the aata. 

Positive deflection of control surface is in the di- 
rection which will produce a positive force (not necessarily 
a positive moment), ^^^ixxy 
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